tion at the time of the study was classified according to the technique with Mueller-Hinton agar supplemented with 5% horse blood; a 1-mg oxacillin disk was used to reveal resistance criteria of Winston et al. [7] as stable, fair, poor, or critical. True infection was defined as isolation of S. pneumoniae from to penicillin. MICs were determined by the Etest [13, 14] . An isolate clinically significant material or isolation of S. pneumoniae from other samples and clinical evidence of infection not attribwas defined as susceptible, intermediately resistant, and highly resistant to penicillin when the MICs were õ0.1 mg/mL, utable to other microorganisms.
Sources of isolates and specimen collection. During the 0.1 -1.0 mg/mL, and ú1.0 mg/mL, respectively [15] . Susceptibility to other antibiotics was determined by diskstudy period, 112 consecutive clinically significant pneumococcal isolates were recovered from 95 patients (74 males and 21 diffusion testing [16] . The diameters of the zones of inhibition that were considered to reveal susceptibility were as follows: females) aged 1 to 81 years (mean age { SD, 45.34 { 20.69 years). The sources of the clinically significant isolates were erythromycin, §23 mm; chloramphenicol, §18 mm; tetracycline, §19 mm; co-trimoxazole, §16 mm; clindamycin, §21 blood (41 isolates), pleural fluid (8) , sputum (30) , bronchoalveolar lavage fluid (7) , CSF (7) , otic specimens (6), conjunctival mm; vancomycin, §12 mm; and cefotaxime, §23 mm [17] . Pneumococci that were resistant to three or more antibiotics specimens (3), ascitic fluid (4), and miscellaneous samples (6; protected brush catheter specimens obtained via a bronchoscope (including penicillin) were considered multidrug resistant [18] . Patients in all five centers were specifically questioned dur- [2] , skin biopsy specimens [2] , deep bone biopsy specimen obtained during surgery for acute osteomyelitis [1] , and bile obing their hospitalizations about the variables putatively associated with penicillin resistance and multidrug resistance: age, tained during surgery for acute noncalculous cholecystitis [1] ).
To exclude contaminated specimens, sputum was collected sex, use of b-lactam agents during the previous 3 months, alcoholism, liver cirrhosis, cancer, pneumonia in the last year, after the patients rinsed out their mouths with water and coughed deeply. Only those samples with ú25 neutrophils and HIV infection, intravenous drug use (IVDU), hospitalization during the previous 6 months, diabetes mellitus, chronic ob-õ10 squamous epithelial cells per low-power field (1100) were cultured [8, 9] . structive pulmonary disease (COPD), and nosocomial infection (nosocomial infection was diagnosed when signs and sympTwo cases of pneumococcal pneumonia were diagnosed on the basis of findings of examinations of protected brush catheter toms of disease developed after 48 hours of hospitalization for an unrelated illness). samples obtained via a fiberoptic bronchoscope. The patients did not have chronic bronchitis as an underlying structural Information on some variables (mechanical ventilation and invasive disease) was obtained from the chart while the patient disease and had not previously received antibiotic therapy. The presence of ú10 3 bacteria was required for the diagnosis of was hospitalized. Invasive disease was diagnosed when a culture-positive specimen was obtained from a normally sterile pneumonia [10] .
Examination of bronchoalveolar lavage fluid specimens resite (pleural fluid, CSF, pericardial fluid, ascitic fluid, or blood). Because pneumococcal bile cyst and bone infections imply vealed the etiologies of five cases of ventilator-associated pneumonia and two cases of community-acquired pneumonia. Less previous bacteremia, cholecystitis (one case) and osteomyelitis (one case) were also classified as invasive diseases. Thus, invathan 1% of the cells in these samples were squamous epithelial cells. In every case, quantitative cultures showed ú10 5 sive disease was diagnosed in cases of pneumonia with bacteremia, empyema, meningitis, peritonitis, pericarditis, cholecysticfu/mL [10, 11] . Cultures of sputum or specimens obtained by protected brush catheters or bronchoalveolar lavage were tis, osteomyelitis, and bacteremia from an unidentified focus. Statistical analysis. The statistical significance of qualitarequired only in cases with clinical and radiological signs of pneumonia.
tive variables was analyzed with either the x 2 test or Fisher's exact test. The relation of covariates with resistance was iniEar drainage fluid for bacterial cultures was obtained after cleaning the canal; fresh pus was sampled as it exuded from tially assessed by univariate analysis, and then odds ratios were determined. Multivariate analyses were performed via stepwise the tympanic membrane. A calcium alginate swab dipped in trypticase soy broth was used to obtain material from the conlogistic regression; penicillin resistance or multidrug resistance was the dependent variable. Variables associated with resisjunctival sacs; samples were obtained from both eyes. The specimens were transported to the laboratory within 30 minutes tance in the univariate analysis and other potentially related factors were considered independent variables in the models. after collection. Cultures of blood, pleural fluid, CSF, ascitic fluid, bile, and deep bone or skin biopsy specimens were done
The analysis included testing for the existence of an interaction between the different variables. Goodness of fit of the final as previously indicated [12] .
Microbiological study. S. pneumoniae was identified on models was assessed with the C O statistic reported by Hosmer and Lemeshow [19] . the basis of typical colonial morphology on Mueller-Hinton agar with 5% defibrinated horse blood, characteristic (11.58%) had nosocomial infections. Previous use of b-lactam ately penicillin-resistant pneumococci, and 24 (25.26%) were due to highly penicillin-resistant strains. All pneumococcal isoantibiotics during the last 3 months was reported by 25 patients (26.32%). Underlying diseases that might have contributed to lates were susceptible to cefotaxime and vancomycin.
The main clinical and epidemiological characteristics of the pneumococcal infection were present in 78 patients (82.11%). These underlying conditions were HIV infection (26.31%), al-95 patients with S. pneumoniae infection are shown in table 1; the characteristics are classified according to the susceptibility coholism (23.15%), COPD (21.05%), diabetes (12.63%), neoplasia (11.57%), and liver cirrhosis (7.36%). Some patients (19 of isolates to penicillin. Of the 95 strains studied, 30 (31.6%) were multidrug resistant. Susceptibility testing revealed that cases) had more than one underlying disease. There were no significant differences in terms of age, sex, underlying disease, 4.17% of penicillin-susceptible pneumococci, 47.83% of intermediately penicillin-resistant pneumococci, and 70.83% of or site of the infection between the patient populations from the five hospitals participating in this study.
highly penicillin-resistant pneumococci were resistant to multiple antibiotics (table 2) . There were no significant differences Clinical characteristics. The most frequent diagnoses were pneumonia (66.31%), empyema (8.42%), meningitis (7.36%), in the frequency of resistant pneumococci isolated from the patient populations at the different hospitals participating in otitis (6.31%), peritonitis (4.21%), pneumococcal bacteremia from an unidentified focus (4.21%), and conjunctivitis (3.15%).
this study (data not shown). The different patterns of multidrug resistance are summarized in ate analysis revealed that previous use of b-lactam antibiotics used. Inversely, a greater risk of multidrug resistance was detected for patients who used b-lactam antibiotics previously was significantly associated with penicillin resistance. IVDU was not associated with penicillin resistance. The lack of assoand had noninvasive disease (table 8) . ciation between invasive disease and penicillin resistance apDiscussion proached statistical significance (P Å .0508).
Recent studies have reported an increase in the rate of resisMultivariate analysis of risk factors potentially associated tance to various antimicrobial agents (particularly penicillin) with penicillin resistance showed that previous use of b-lactam antibiotics, alcoholism, and noninvasive disease were associated with resistance, whereas IVDU was not (table 6 ). There- in pneumococci in certain geographic areas [2, 18] . Our pro-27], the retrospective nature of most studies [5, 24, 27] , and spective study confirms the rates reported by other investigators the lack of multivariate analyses make interpretation of these in Spain [4, 20 -22] .
results difficult. A number of predisposing conditions (such as young age [4, To our knowledge, only one study has assessed the indepen-23], previous hospitalization [25], severity of the underlying dent contribution of possible risk factors for infection due to disease [4, 24] , previous antibiotic therapy [4, 24] , immunosuppenicillin-resistant pneumococci. Nava et al. [3] studied 374 pression [4, 18] , nosocomial pneumonia or previous episodes episodes of invasive pneumococcal disease (pneumonia, menof pneumonia [24] , and isolation of certain serotypes [4] ) have ingitis, or bacteremia) in the province of Barcelona, Spain, been identified as risk factors for pneumococcal infections and found that 88 were caused by penicillin-resistant strains. caused by penicillin-resistant strains in case-control studies [4] .
Multivariate analysis showed that the variables associated with However, conflicting results have been found in large case penicillin resistance were age of younger than 5 years, immunoseries, even in reports from similar geographic areas [25, 26] .
suppressive underlying disease (including HIV infection, liver The coincidence of several risk factors in the same patients [4, cirrhosis, and neoplasms), and prior use of b-lactam antibiotics.
The results of our multivariate analysis showed that noninvasive disease, previous use of b-lactam antibiotics, and alco- et al. [28] argued that the repetitive use of b-lactam agents tients with liver cirrhosis [18, 31] . It would be interesting to ality, etc.) on penicillin susceptibility in pneumococci has not previously been analyzed. In our geographic area, 84% of HIVknow the cause of the liver disease and the influence of alcoholism in these patients.
infected patients are intravenous drug users [36] . Our data show that patients with a history of IVDU have a lower risk of Although HIV infection has been considered a risk factor for pneumococcal infection [4, 32, 33] , there are conflicting infection by penicillin-resistant pneumococci. This finding could mask the effect of immunosuppression. results with respect to its effect on penicillin susceptibility [34, 35] . We did not detect any effect of HIV infection on penicillin
The rate of treatment compliance among intravenous drug users is lower than that among other patient groups [37, 38] . resistance in pneumococci. However, to our knowledge, the effect of risky behaviors for HIV infection (IVDU, homosexub-Lactam agents may be used less frequently by patients with a history of IVDU, thus making the emergence of resistant strains less likely. In fact, only two of 15 patients with a history of IVDU in our study had received prior antibiotic therapy. 
